. 7However, the symmetry is disturbed by the retardation to be introduced for the emitted radiation as remarked below. As a consequence of this retardation the polarization would be complete only for an angle of observation perpendicular to the incident cathode beam, but in this case for every part of the continuous spectrum, so far as our assumption about the direction of the emergent cathode beam is justified. ( 
Communicated March 22, 1929 The relation between the electrical properties of interfaces and the orientation of molecules was first recognized by Hardy' and discussed by Harkins, Davies and Clark.2 It was stated in a definite way for the case of the water-mercury interface by Gouy3 in 1917. One of US4 has studied these potential differences at interfaces in their relation to the polarity and orientation of different linkages in the molecule. Quantitative calculations of the electric moment of the molecules from the potential difference data have been made by Guyot' and later by Rideal.6 At an earlier date quantitative comparisons were made by Frumkin 3. Differential nature of the measurements of potential difference. To determine the values of the electric moment one must know the single potential difference, but experiment gives only a differential effect, related to a layer of pure water molecules or some other arbitrary zero point. 4 . The polarization of the oriented molecules by the neighboring molecules, assuming the orientation to be always complete.
There appear to be certain objections to most of these possibilities. 1. To the first possibility the objection may be raised that the members of a homologous series produce practically the same potential difference at the interface regardless of the number of carbon atoms in the chain,4b,5 while from our knowledge of the properties of surface films it should be VOL. 15, 1929 401 concluded that as the length of the chain increases the orientation becomes more complete.
2. The results of experiments which have been extended over the whole range of concentration from dilute solutions in water to a practically pure organic solvent4a show that the water molecules have no marked influence on the measured potential differences. It can be shown from measurements carried out at different ionic concentrations that the presence of ions also has very little effect.4a 5 3. The method used by Bradley'3 to attack the problem depends essentially upon the use of the third possibility. He assumes that, since the electric moments of the water and alcohol molecules are practically the same, both substances would give the same value of the potential difference if it were not for the different cross-sectional areas of the molecules. However, it seems doubtful whether the water and alcohol molecules are oriented in the same way. At any rate, this explanation could not be applied to other cases. The change -of potential difference when chloracetic acid is substituted in the interface for acetic acid can depend onlyon the value of the electric moment of the C-Cl linkage. In this way a value of p = 0.54 X 10-18 is found which is certainly too small. 4 . If the oriented molecules are polarized by the presence of the neighboring molecules, that is, a polarization exactly analogous to the polarization due to the deformation of a molecule in the Debye theory,9" 2 a dielectric constant of the order of magnitude of three or four instead ofunity might be accounted for. This would account for the larger part of the discrepancy which, as has already been noted, is probably of the order of magnitude of five or six. It is essential to note also that the order of magnitude of the value of the electric moment per molecule of a simple aliphatic compound calculated from potential-difference data does not change with the concentration of the organic molecule in the surface layer. This can be explained if we remember that the deformation part of the dielectric constant of the organic molecule is probably of the same order of magnitude as that of water. It will certainly be difficult to make any exact statements concerning the dielectric constant of the surface layer.
It should be possible to eliminate either possibilities 1 and 2 or possibility 4 by means of a study of the variation of the potential difference at the interface with temperature. If the fourth possibility is the correct explanation of the discrepancy between the results of Guyot and Rideal and those based on the dipole theory of Debye, the potential difference at the interface calculated for equal amounts adsorbed should be practically independent of temperature. In the case of either of the first two possibilities the potential difference would be strongly dependent upon temperature.
However, although this striking difference in the order of magnitude of the electric moment exists, there are a number of marked parallelisms between the results of the study of the potential difference at interfaces4 and the results of electric-moment studies from suitable solutions.'2c In the first place, the order of magnitude of the electrical effects for the alcohols and ketones, characterized by the words medium and rather large, respectively, is relatively the same as the dipole effect for the same types of compounds.14 The somewhat greater relative electrical effects in the case of ethers and esters may be accounted for by the assumption of a more complete bending of the groups, thus increasing the degree of orientation. The latter structures have been pictured both from the standpoint of the electrical effects4a and from the standpoint of dipole-moment data.12b
The influence of the change when bromine is substituted for chlorine, or iodine is substituted for bromine, is, in every case investigated to date, comparable in both cases. The case of acids cannot as yet be discussed because of the insufficiency of electric-moment data for this type of compound.
The results of the two types of study indicate that polar molecules may be considered to be made up of polar parts and non-polar parts. In the simpler molecules, which are composed of a single polar group, the length of the hydrocarbon chain appears to have little or no effect in both cases. 12C 14 This is a conclusion of considerable importance in the study of the structure of molecules.
Agreement is generally found when the conclusions concerning the sign of the charge on definite linkages is considered. The case of the carbon to oxygen linkage, discussed below, illustrates the type of agreement. From electric-moment data the conclusion is definite that in the case of the OH, COOH and CHO groups the carbon is charged positively and the oxygen negatively. This conclusion was drawn also from potentialdifference data for compounds of the aliphatic type. In the case of molecules of the aromatic series such definite conclusions cannot be drawn, due apparently to some complication of the benzene nucleus. The following facts may be stated to illustrate this point.4c
A. Air-Water Interface. negative effect for all compounds of the phenol type.
PHYSICS: FRUMKINAND WILLIAMS
Fact A-3 strongly suggests a configuration of the molecule of hydroquinone or .of its derivatives such that not only the benzene nucleus but also the CO linkages lie in a single plane. The negative effect would be accounted for by the attraction of the H atom of the OH group by the water. Such an orientation would make it. possible to establish a close contact with the mercury interface which seems to explain the specific influence of the mercury surface which is observed in that case. This is of interest in connection with the results of dipole-moment data"6 for these compounds in which this picture was given as one of two possibilities.
Interfacial potential differences involving amines indicate that in the case of the linkage carbon to nitrogen the carbon is positively charged and the nitrogen negatively charged.4G Present electric-moment data are sufficient only to indicate that this conclusion will probably be the one which will have to be drawn from this type of study. Apparently the only data available are the experimental results of Hojendahl17 for the nitranilines. The latter investigator has included in his article electric moments calculated from the experimental work of Pohrt. The latter contains data for several amines; however, the present authors are of the opinion that these calculations give a moment which is subject to an error which is sufficiently great such that comparisons cannot be safely made. The work of Pohrt was completed a number of years before the introduction of the vacuum tube which has made possible dielectric constant determinations of sufficient accuracy that the electric moments of the molecules in question may be calculated from the data.
It is worthy of note that while considerable progress has been made with electric-moment data in the case of derivatives of benzene interfacial potential-difference data are meager and those which are available are difficult to explain. On the other hand, interfacial potential-difference data for compounds of the aliphatic type are numerous and lead to rather simple interpretations while electric-moment data have been obtained in but comparatively few cases.12C The interpretation of the latter data is more difficult, perhaps because the molecules must be considered to be non-rigid in practically every case. The derivatives of benzene have been treated as rigid molecules although there is perhaps little justification for such an assumption. The electric moment must be considered in every case to be an average moment. If it were possible to calculate the electric moment from potential differences at interfaces, this moment would be the moment of a molecule fixed in position due to the proximity of its neighbors.
The discussion presented in this article leads to the conclusion that, while there is a striking similarity between the conclusions to be drawn from electric-moment data and from interfacial potential-difference data, any comparison between the two can be but qualitative in nature.
